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Abstract of WO 2004034751 (A1) 

An organic electroluminescent device having, between a cathode and an anode, a light-emitting layer 
which is made of at least a phosphorescent material and a host material, has an electron injection 
layer arranged between the light-emitting layer and the cathode and having a junction with the light- 
emitting layer. The light-emitting layer has electron transport properties and the ionization potential of 
the host material is 5.9 eV or less. The energy gap of an electron transport material in the electron 
injection layer is smaller than that of the host material in the light-emitting layer, or the triplet energy of 
the electron transport material in the electron injection layer is smaller than that of the host material in 
the light-emitting layer. The organic electroluminescent device uses light emission of phosphorescence 
and has high luminous efficiency. 
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and the cathode and having a junction with the light-emitting layer. The light-emitting layer has electron transport properties and the 
If) ionization potential of the host material is 5.9 eV or less. The energy gap of an electron transport material in the electron injection 
^7* layer is smaller than that of the host material in the light-emitting layer, or the triplet energy of the electron transport material in the 
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-oulk 3 ^;utra-;u- 4 --ObS> 3 f;i/fa-;i/- 5 --f 
2 - t-7>;ut°n-;i/-4 --T;uS> 3- ( 2 -7 x-;U7°a b°a-;l/ 
2-y^;u- l — - OYVjim, 4 f-n- l -- f > K U;uS 
, 2 3 ->f > KU;l/S> 4 -y^;U- 3 -4 V F'J/H> 2-t-7 
-4 > K'J;uS, 4- t-7*f-;H — f > K'J;u8, 2-t-7>;u3- 
> K U 4 - 1 -7*^;u 3 -•<> K U ;bSI?frW £ft 

^yyatVb*, n-7>;u»> s-7>;ug N <f77*^;ug, t-7'f- 
n-^V^US^ n-'\+v;US> n-^7>rt/£, n-^?^Ug N t 
Ka + v^^uS. + 2-th'a4vxf;H, 2-t 
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h'a + WV^H, 1. + 1, 3-v*bKa + v 

^vyat;H, 2, 3-ytKa + v/-t-7'f;^ 1, 2, 3-hUtK 
D + V7 , De;i/I > ^DD^f^g, 2-^aaxf;H 
, 2-^DD^V7'f;H, 1, 1, 
7*n^H, 2, 1,2. 3 - h 'J ?aa7°a f 

;bS. 7*D^yf7US, }-y'u=e^)ums 2 -T'Dtxf^i, 2-7*a^E 
-T 77>;l/g. 1, 2-^7'D^xf;H > 1, 3 - VTu =Ej V7*a f;l/S. 
2, 3-v7*Dt - t-7*^;uS, 1, 2, 3- h V7'a=e-fa f;i/S> 3-K 
l-s-Kx^ug, 2-3-Kx^ug, 2 -s- 7 7*^;uS 

> 1, 2 -y'3- Fxf-;pg N l, 3 -v3-K^77°a £;bS> 2, 3—73 
-K-t-7*^;ug, 1, 2, 3-b U3-K7'af;^ TZ;/?)im, 1 

-y^yxfiH, 2-7 5yx^;i/S> 2-757^77*^^8, 1, 2—7 

7UxfiH, 1, 3-y7^;^77'atm 2, 3-v757-t-7' 
1, 2, 3-h l J7 5;7 , Db>S, ->7y^fiH> l-y77xf 
;lxS, 2-y77xfjH, 2-y7/'f77 , f;H > 1, 2-vv7 7x^;u 
S> 1, 3-7^7^770^^ 2, 3-^y7/-t-7f/H, 1, 
2, 3 - b 'J v7 7 7'nt: 0 ;bS, -hn^^^uS. 1 - - h ox^S, 2 
haxf/H, 2--hD^77>;bS > 1, 2->7-hoxf;H, 1,3- 
y^ha^V7Dtf;H, 2, 3-9-ba-t--7?)im, 1. 2, 3-hU 

7*r-;uS, 2-7*r-;l/S, 3-7't-;^ 1, 3-7'^>i*x^;H, 1 
-y ^;Ut*^;bS> Xf-U;l/S> 2, 2-y'7i-;b^H, 1, 2-77i 
^t'^;^ l-y^;U7U^S, 1, 1-y^ WJ;H^ 2-7^7 
l-7x-;i/7'JiH, 2-7i-;U7';;uS> 3 -7 x-;i/7 U ;uS 

> 3, 3 -*77x-;ut y;i/* N 1, 2 -vy^;u7 'J;uS> 1-7*^-1 
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LTtt, *?-)im, -f 77° □ n-r^^S, s 

n-^7'^;i/S> n-;ty*^;i^ th'a^->^f;H, l - t Ka + >>x^;b 
2-tFa4vxfiH > 2-t Kn + y^ V7'f 1, 2-vtKa 
+ 1, 3-yt Ka*W 77' a f;uS> 2, + 

t-7^S N 1,2, 3- 1^ V t Kn + v/7"P y-na^;!^ l- 

y-aox.^;^ 2-?DDXf;H, V7'f ;H, 1, 2-v? 

nnx^;u^ 1, 3-y?DD^V7'af;H N 2, 3 - v y a d - t - 7> 
;US> 1, 2, 3-h^aD7'nf;H, yDf^/H, l-T-D^if^ 
2-7*Dtxf;i,i, 2-7*D€^V7'f;H > 1, 2 - ^7*n^x^;Ug 
, 1, 3-v7'D€^77'Db>l > 2, 3-yyDt-t-7*f;H, 1, 2 
, 3-M;7*a : E7 , af;bS, 3-K^;bS, l-3-h'xf;H, 2-3- 
Kx^;bS, 2-3-^77*^8, 1, 2— 73-Ki^S, 1, 3-v 
3-K-f VT'dM, 2, S-v's-h'-t-r^US, 1, 2, 3-MJ3 
-K7°Dt°;us, 75 i-7 5yxf;H, 2-75yxf-;bS > 
2-7 5^7 7*^1, 1, 2-77;;xfjH, 1, 3 - '77 5 / -< 77° 
ot°;H> 2, 3-v7 5y-t-7>;US, 1,2, 3 - h 7 5 /7'n tvu 
y77^f;H s l-v7;xf;H, 2-y77xf;H, 2-y7;-f 
77'f-^S, 1, 2-yy7;xf;H, 1, 3 - v'*7/ 77° o £;US> 2 
, 3-yy7;- t-7*^;Ug N 1, 2, 3 - h 'J v7 ;7"a f;US. - h 
T)im, l-^hox^jH, 2--hax^;uS s 2 h 77>;i^ 
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1, 2-y~hai^;uS s 1, 3 -V- h 77" □ fc>S> 2, 3-v>-b 
a-t-7>;uS, 1,2. 3-h , J-hD7 , Dt';HHWbn'5. 

2-i-7^)m, l-7>h'J;l/S^ 2-TVh'J;US, 9-TVhU 
^Sx 1 -7xt> h 2-7xt>hU;H, 3-7xt>h'J;H, 

4 -7xtv b U;US, 9-7it>biJ;H, l-^7^-fe-;uS % 2-^7 
9-^7^-fe^l/g, l-fU-;uS, 2-eu~;uS, 4-fc'b 

2-t'7i-;H';uS N 3 - t*7x-;p^;ua, 4-t'7xxM;H 
% p-?-7x^-4-^;H, p -?-7 x -;u- 3 -^;US> p-?-7 

2 m-^-7x-jl/-4-^iH, m-?-7x-/b-3- 

-ObS, ra-?-7x^-2-f;H > o - h m- b 'J iH, p - b 

U;bSs p-t-7'f;i/7x^H, p- (2-7ix;b7'Dt» 7x-/H 
% 3-^^;U-2--f7^;uS^ A-^^)l- \ -i-7^)im^ 
-77by;i^ 4' ->f;i/t'7x-H;H, 4 " - t -7>/u-p - 

a 'J 3 - fa V t'v v?-;uS, 2 - £ 'J i^US, 3 - t" U 

4 - try v-;bS. 1-^>K'J;H % 2 — > K U 3-^rvKy^ 
S> 4 — f > h' y 5 -4 7 K 'J ;i<S x 6 — f > K U 7 — f > K U ^ 
^ 1 - 7 -f 7 b* y ;ug % 2 - -f 7 -f 7 K y 3 — -f 7 > K y 4 
-^7^>Ky^*, 5-^7-T7Ky;uS > 6 -< f 7f 7 K y 7-^7 
-f>K'J;ug, 2-7y;bS> 3-7'J;u^ 2-^7 77 7-^S. 3-^7 
777-;bg, 4-^7777-;i/S, 5-^>77 7-/H> 6-^>77 7 
-;ug, 7-^7777-;i/S > 1-^7^7777^^8^ 3-4 7^777 
4 — Y 7^7777-;bS, 5 7^>V77-iH, 6--f7^ 
>777-;uS^ 7 -4 7^777^-;i/S > 2-*yy;bg, 3-*/y;H 
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, 4-*vy;ug % 5-*y'J;Hk 6- + / , J^S> 7-*yy;ug, 8- + 
1 -4 v + y 'J;bS % 3 v + y U;uS, 4 ->rv*y U;uS. 5 

;uS> 2 -*/ +-9- y-juS, 5-*y*-y-n~;uS> 6 -*y*-y-'J.^S> 
l -*;u/^/y;u«> 2 -*ji//<yy;u*, 3-#;w*yy>^ 4-#;w-\V 

xyy-;uaj> 7-7xt>X'Jy-;H, 8-7xt>X'Jy-;H, 9-7 

xtv^y^n, io-7xtvx'jy-iH, i-7?y^~;u»> 2- 

7^Jy-;l/l, 3 -7? y v^;l/S. 4-7J"Jy-;H, 9-7 7'Jy^ 
& 1. 7-7xt>XD'J>-2--fjH > 1. 7-7xt>XDiJ>-3- 
-OHk 1, 7-7xt>XDiJ>-4-^;H, 1. 7-7xtVXo'J>- 
5--f;bg, 1, 7-7xt>xn'J>-6-^;H> 1. 7-7xt>XO'J 
>-8->Ol/S, 1. 7-7xt>XD'J>-9-^;H> 1. 7-7xtVX 
D'j y~ 1 0— ObS* 1. 8-7xt>XaiJ>-2-^;Hs 1, 8-7x 
t>Xn'J>-3-f^ 1. 8-7xt>Xn'J>-4->f;l/S, 1,8- 
7xt>XP'J>-5-'f^i> 1. 8-7xt>XD'J>-6-^^ 1, 
8-7xt>Xn'J>-7 — OUS> 1, 8-7xt>Xa'J>-9-^H, 
1, 8-7xt->Xd'J>-1 0-^;H, 1, 9-7xf>Xa'J>-2-f 
/uSx 1. 9-7xt>Xn'Jv-3-'f;H, 1, 9-7xt>XD'Jy-4 
-•OUS. 1. 9-7xt>XD'J>-5->f^S, 1, 9-7xt>Xo'JV 
-6-'f;USs 1. 9-7x7->XD'J>-7-^^ 1. 9-7xt>XD 
y >-8--1';i/S> 1, 9-7xt>Xo'Jy-10-^;H, 1, 10-7* 
t>xoij>-2-'f;H, l, l 0 -7xt>XD y >- 3-f;uS> l. l 

0-7xt>XD'J>-4-^;H, 1, 1 0-7xtVXD y V- 5 JUS 
. 2. 9-7xt>XDiJ>-l-^;H, 2, 9-7xt>XD'J>-3-'f 
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2, 9-7*-*->XDy>-4— OH! % 2, 9 -7it>XD 'J >- 5 
2, 9 -7xtVXD 'J >- 6 2. 9-7*-f>XD'J> 

-7-f;bg N 2, 9-7xt>XoiJ >-8--OUg> 2, 9-7xt>7D 
>- 1 0--OUg N 2, 8-7xt>Xa'J>- l --fJUg, 2, 8-7xf 
'J >- 3 2, 8-7xt>Xnij>-4-^;H, 2, 8-7 
xt>XD'J>-5-^f;^ 2. 8-7xt>XD'J>-6-^H, 2, 8 
-7xt >Xn y >- 7 --OUg, 2, 8 -7x^->XD "J >- 9 --f^Ss 2 
, 8-7xt>xa y >- 1 2, 7-7xt^a'J >- 1 -fn< 

S N 2. 7-7xt>Xay>-3-^iH> 2, 7 -7xt >*a y V- 4 - 
2, 7-7xt>XD'J>-5-^iH, 2, 7-7it>Xay>- 
2, 7-7xt>XD'J>-8-f;H, 2, 7-7xt>Xa'J 
>-9--f;bS, 2, 7-7xt>xaiJ>-l0-f;H, l-7xty^ 
2-7xt^H, l-7x/f7y-iH> 2-7i/f7y-/H > 

3- 7x;f7v^-;H, 4-7x/5 1 7-7-^S > 10-7x7f7^-;H 
, 1-7x7^^1, 2-7x7^tyr.;H, 3 - 7 x J ^ v^Ug 

, 4-7x7+t^-;i/S, lO-7xy*ty^;H, 2 

4- **-y-v;y;ug, s-^-y-vy^g, 2 -;t*-y-^7 7*y ;us, 5-^-+ 

ty77'J;H, 3-77if^;uS, 3-^x^uS, 2-> 

1 -4 2 -> fjut°a-;b- 3 -^;uS. 
-;U-4 --f 2 -y^;bfa-;u- 5 --f^Ss 3 fjbfD-;i/- 1 
--Oi/g> 3 -^f-;ut'a-;b- 2--r;i/S> 3 -y ^;u£d-/u- 4 — Y 
^ 3-t?)it°u-)i- 5-^/ug, 2- t-7^;ut'p-;i/-4--f;l/S. 3 
- (2-7x^7 , nt%) 1 --f^g, 2 — ^ 1 — T V- K U 

;Ug N 4 1 ->f > K'j ;ug, 2 3 > K U ;ug, 4-^ 

3 > K y ;ug^ 2 - 1 -7f-;i/ 1 > K V ;ug> 4 - t -7^;u l 
-^f > K 'J ;bS. 2 - t -7^;u 3 — f > K V ;bg, 4 - t -7fju 3 --f > K 
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W&bL<teMm&nT7fr*)i'&<DM£Lrte\ ^ 1-7x^1/ 
xf;H, 2-7xi;l/xf;H, l-7x-MV7 , ab>i > 2-7x^;b 
'fV^aWH, 7x^-t-7f;H, a-^7^;l/> 1-a— 
7f7l/if-;l/S % 2 -a— t7*;ux^Hk l-o-t7fHV^ne;bS 
„ 2-a-t7fH77Dk>i, j8 —Yl+fr* l-£-^7^;U 
x^;HU 2 -j8--t7^;Ui^;US> 1 -j8--f7^;W 77*a h';uS. 2- 
)S--7"7^;U-i'77 e ab';ba > 1 - t'a y frt f-)im, 2- (l-t:a'J;b) x 
P -^^;u^>^;uS. m-^;u^>>^S, o-^f-^^>v;u» 
> p-^Dn^>v ! ;i/I, m-^DD^viJjH, o-^aa^>-;;H, p- 
ya^t^v^iH, m-ya^^Vv^S. o-7'a^E^Vv;^ p-3-h' 
^>v;bS> m-3- K^>^;US> o-3-b*^>^^S> p-tKa+i/^ 
>v?;uS N m-kFn+^>yjH, o-tFo + ^V'7^ p-75/ 

ra-v7^>v;H> o-v7;^>y>ls 1 - t Ka**>- 2 - 7 
-< 77'a 1 - ^dd-2-7x - ;K 7 7'd f;HH^f tf 

tl^x^H, l-^7^;b». 2-^7^;bS> l-7>hU;i/S, 2-7 
>HJ;uS> 9-7>M>;uS> l-7xt>h'J;H> 2 -7itV h f 
„ 3 -7it> M;;uS, 4-7i^>h'j;uS^ 9 -7xt > h 'J 1- 
•7-7^^-;bSs 2-^-7?-te~;uS> 9 — ^-7^-fe-;i/Sx i-eu^S % 
2-t°u^;bS s 4 -tru~;i/S N 2-t'7x-M;i/& 3-t*7*~;W;u 
.g, 4 - t'7x-M;H, P -^-7x-;i/-4-'fiH> p-^-7x-;b 
- 3 p -#-7x-;u- 2 --OUg N m-?-7x~;u- 4 

, m-?-7x^l/- 3 --Ol4i> m-^-7x-Jb- 2 --T^US^ o - h x ) )l 
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m-bvim, p-hvjum, p-t-yf^7x^n > P - (2-7x 

-;U7*af;u) 7ii)H, 3 ?-)\>- 2 --fl^ilM, ±- \ —Y 
y^jim, 4 l -r> h y^S, 4' -^f/^7x^M 4 
" - t-7^^-p-^-7x-;u- 4 --f;uS. 3-fnU 

2-fJy^;H, 3 - fy v-;bS, 4-t°y>>-;uS 

> 2--f>KU;uS N 3-^>KU;uS. 4-'<>K , ;;l/*> 5 - -f > K 'J /US 

> 6 -4 > K 'J 7 -- r > K 'J 1 — T V-f > K V 3 — f V-f > 

F'j;u», 4 - -r v -< > FU;i/», 5 — -f v-f > KU;Hf, 6 — r v-f > ku;u 
7-^v^>KU;ua> 2-7'J/i/*, 3-7U;uS, 2-^>777-;u 
S> 3-^>7*7v-;i/Ss 4-^>777^^S> 5 -^>77 7-;H> 6 
-^>77 7-;H, 7-^>777-;uSs l-^v^//77^ 3- 
f v^>777^;uS> 4 --T7^>777-;US^ 5-4 V<>77?.=.;l/S 

> 6-^7^>V7 7^Ss 7-4 7^77*77-;^ 2-*/y;l^ 3 

-*/y;uS> 4-+y;^s, 5-+yu;i/S> 6-*/y^s> 7-*yy 
urn, 8-*/i>;i/«. i-fv+;u;H^ 4->fv* 
5-4 7*yy;i^ 6-4 7*yy;uS> 7-4 v*y 8 
-4y*yy;us, 2-+y+i7->;-;u*^ 5 -*y*-y-y-;i^ 6-*y* 

l -*;U/^/'j;l,S > 2 -ti)W^/V JlM, 3 -a/UWJjUU 
4-*M7'J;l*, l-7it>X'Jy^H, 2-7xt>x'Jy-;H, 
3-7xt>X'JiJi;H, 4-7xt>^'jy^H, 6-7xt>X'Jy- 
7-7it>^'Ji?i;i/i, 8-7*t>X';^8, 9-7xt>X 
ys?-;uS> 1 0-7x*>XU :7~;u«^ l-7?U-7-;uS> 2-7 7'J^' 
3 -7 7 y v-;uS. 4 -7 ? u v-;ug, 9 -7 ? U v-^S. 1 , 
7-7xt >xay >-2-4;l/g> 1, 7-7xt>XD'J>-3-f;H, 
l f 7-7xt>xny>-4-^;H, 1, 7-7xt>XniJ >-5-4;u 
S> 1. 7-7it>XD'J>-6-^H, 1. 7-7xt>Xa'J>-8- 
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-ouS> l, 7-7*f >xa«;>-9--r;uS> 1. 7-7xtVXny>- 

10-1';U^ 1. 8 -7st>^n ij >- 2 --Ol/lk 1. 8-7xt>XD 
VV-3-f;uS> 1. 8-7xt>xn'J>-4-^;l'i, 1, 8-7*tV 
Xa 'J >— 5 — f;u2U 1. 8-7xt>Xn'J>-6-'f;b^ 1. 8-7x 

t>xn u v-7--Oi/g> l, 8-7it>^a'j>-9-'f;H^ 1,8- 

7xt>Xa 'J V- 1 0 — f 1, 9-7xt>XO'J>-Z-f;^ 1 

, 9-7xt>xa'J>-3-'f;H> 1. 9-7xt>^D'j >-4--OHi 
. 1, 9 -7xt>Xo U v- 5 -4 ^S. 1, 9-7xt>Xn'J>-6-^ 
/US, 1, 9-7xt>XDiJ>-7--fil/i. 1, 9-7xt>Xn'J>-8 

--oi^ l. 9-7xt>xa'j v- i o — r;u»> i, i o-7xt>xn 

';>-2-^^Ss 1, 1 0-7xt>XD l J>-3-f^i> 1. 10-7x 
>J >- 4 1, 1 0-7xt>XD'J>-5-^;H, 2, 9 
-7xt>7DiJ>-l-^iH, 2, 9-7xt>XD'J V- 3--OUg> 2 
, 9 -7xt>XD y v- 4 --r;uS> 2, 9-7xt>xnij>-5-^;H 
. 2, 9-7xt>XD'JV-6-'f;H, 2, 9 -7xt VXD U V- 7 -<f 
2, 9-7xt>XD'J>-8-fiH> 2, 9 -7xt VXD 'J V- 1 
0 — T;u^ 2, 8-7xt>XD'J>-l->f;H, 2, 8-7xt>XD'J 
V-3 — T;bS, 2, 8-7xt>Xa'J>-4-^^i, 2, 8-7xf>X 
d "J V- 5 2, 8-7xt>XD'JV-6-^;H, 2, 8-7xt 
vXD'Jv-T-'f/H, 2. 8-7xt>XD'J>-9-f;H, 2. 8-7 
xt>xaij>-l 2, 7-7xt>XD'J>-l-^iH, 2, 

7-7xt>XDiJ>-3-f;H, 2, 7-7xt>XniJ>-4-^f;H, 
2, 7-7xt>XD'J>-5-^iH, 2. 7-7xt>XD'J>.-6-^l' 
2, 7-7xt>XD'J>-8-^l/^ 2, 7 -7xt VXD 'J >- 9 - 
^;u^ 2, 7-7xt>XD'j>-i o--f;H, i-7xfy-;H N 2- 
7xty-iH, l-7xyf7y^S> 2-7x/f 7v-iH> 3-7x 
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;f7v-;H, 4-7x;f7^-;H, i-7x;+t^^|, 2-7x 

-9-7*7 4 -**-9-7*'J;i^ 5-^-+-9-yU;bS> 2 -**W7VV )U 
S-t^fyyy'JiH, 3-7v1f-^S. 2-f-^-;bS, 3 -f-x- 
2 ->f;H^D-;l/- l -f;u8, 2 fa-;u- 3 -<f 2 
-y.^;Ufc'D-;l,- 4 -f ;uS> 2 ^;m'a-;l/- 5 -f 3->^;u 
t°D-;b- 1 3 - ^fil/fn-/b- 2 --f^S. 3 ?)lt°a-)l 
-4-^;^ 3 - yf^fD-ji/- 5 --f 2 - t -7*^;ufa-;u- 4 
— T;US> 3- (2-7xi^7'Dt» fo-;U- 1 2-y-^b- 
l—f>K';;U«> 4 — y- 1 — f > K 'J ;HS N 2 3 -f > K'J 
4 3 — f > KU;l/S N 2 - t -7*^;U ->f > KU^g, 4- 
t -7>;b 1 --f > K V 2 - t -7*f7l/ 3 -4 > K U 4 - t -7*^ 
;u 3 — -f > K u ;i^£Wbn& 0 

<h LTliy-^S, xf;H, 7"n f;H, 7 7°d L>S, n-7>;bS. s 
-7*^;uS N ^77*^^8, t-7°?)im, n-^>^;uSs n-^+i/^S N 

S % + 2- t h'a + W 77' f7US, 1, 2-vfcKa 

+ yxfiH^ 1, 3 -v"t Ka + ->-f yrat'^S, 2, 3-^kh'a4y- 
t-7>;bS, 1,2, 3-h l JtKD + v7*at';H, ^PD^f^l, 1- 
0 an x^;u£ % 2 - ? a d-T 77>;i/« s 1, 2-v*? 

aaxfjbi, 1, 3-is?najy7°at')im, 2, 3 -v7cm- t -7^ 
^1, 1, 2, 3 - h U ?dd7d k.VU£, 7*0^ l-rntxfib 
2-7*D^xfjH, 2-7*P^^7 7*^;i/S, 1, 2-^7'a^x^S 
, 1, 3 -v7*d^^7 7"d 2, 3-y7at-t-yf;H, 1, 2 
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Kxf/H, 2-3-NV7'«, 1, 2-y3-Kif;H, 1, 3-v 
a-HV7*Dt;bi, 2, 1, 2, 3 - h 'J 3 

-K"/at;H, 7^/^f;H, 1-7^1^8, 2-7 5;if;^ 
2-75;-fV^H, 1, 2-^7^xf;H, 1, 3-77 5 77 77° 
□ k>S> 2 , 3 —77 5 7 - t -7'9)im, 1 , 2 , 3 - h V 7 5 7 7*a fc> 

S> v7y^f;i/^ i-v7;xf/Hs 2->7;xf;^ 2-7777 

V7*f;H, f, 2 -i?V7;xf;l/S, 1, 3 -777 7-f 77°a t°;l/S. 2 
, 3 -7777- t 1, 2, 3 - h U 77 7 7*a fcT;ug, ^ h □ 7 
?)im, l-^hPxf;H, 2--hax^;i/g, 2 h a 7 7 7>;bS, 
1. 2 --7- hDxf;H, 1, 3-v^ha7 77*afc7US > 2, 3-7-h 
a- t-y^JUm, 1, 2. 3-hy~bP7 , oe;ug^F##Stf$>tt£ 0 

*fc, Ji$:^-r<5Jt^W2«^Jt LTli. rh7>fb>Is ^7? 7 
^7>g N ^4-9-7 f- 7 >S, y7x^Wr/-2, 2' i^7x 
^;bi^>-3, 3' 77x^-;b7°D/^7- 4 , 4' )\jm 

75 yg, ^hDi, 77 7». 7;i^;i/g, 7;u^r-;u*> ->?n7;b4;H 
, 7;U3*7^ 7f^^b7K^*> 7?#^^«S> 7v;u*^S, 7U-;u 
t+vl^ 7;^y+AM'^;H, 3ai#;i/4<*7;bS^^tf bti, MfoM 

)l fcf y v 7, ^7 7+ 7 U >Xti7 x7->hD'J>t^4^ 0£ U\ * fc. m 

ft (3 & 8 - * 7 1) 7 - )immw * ffifi? £ -r & iim, $j t£ h y x ( 8 - + 

7 «J 7-;b) A lgffl^ h y^ (5, 7-7y*oa-8-*7 'J 7-;U) A Ut 
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fa, h;* (5, 7-^^^-8-4; u y-;u) a byx(2-y 
^;u-8-*y y y-;u) ai^ by* (5-y^;u-8-*y yy-;u) 
a l Sift, h'Jx (8-#;>j;-;i/) znift, b y x ( 8 -*y y y-;u) 
i niifft, h yx (8-+ y y Mg$fft> b yx (8-+y y 
Cuitft, hj* (8 -*yy/-;io Cattfts b yx (8-+y y y-;u) 
Sn^ft N b yx (8-+y y GaStft. b yx (8-*y y y-)u) 

^ * y y >> t7 v ey 5 5? 4 y *-y- y b y 7 -< 5 ?v 

*&£fcLT(i % 0flAlf N 7K^JP^. Any>if, bFn + ^ 7^y* 
, -hnl, vryg, 7;i^r~;uS> v?a7;Mp;uS N 7^3 

y-;i^\ znzmm tsitMs. rv tr y v > , ^ > w 5 rv-)um<D 6 mbi 

5^V-;i/«l3i*Wt«t>ofc LT. ^J^ttiTE-jftiS (A) ~ (B) 
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S ft * t> tf># W £ n * , 




R 



n n=1,2 




n n=1,2 



(A) 



(B) 



-®xC (A) Rt>* (B) 4u Ltt~ffl5X.t±=^iBO»*S*&*L. fll*.fcJU &X 

, T^m. mm, mm, mm, &m (mz.it, a, y«7/o 

m?, Tinm*, t^rnm?, mm*, mmm=?, ^mmmtymm, 
nmmmm&L<, mmm^, T<<mm=p, izmmm&mm, %mmmmm 

71, ZJlVy^J iDW^JJl^ Tfr^Jl^tg, 7U-;WI, 

7'J-;H, 7;U3**>S> 7y-;M-*$/£, ^ay>il?> 

-J&it (A) &l>* (B) Kfc^T, L#-< fffi<9^-8\ L(i-L' -Ar 

1 -Ar ! -ernzn, l ' s a r 1 N a r 2 tittt, m^mmm-eb^r > 
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S> ? 'J-fe >^ST'* 0, Ar 2 iLT#(^f^L<^, ^7^U>^S > t'7 
(A) (B) ■?at$ft*fb^0A#0J£LTfcl\ OT©0>J^^ 

HRSC (A) ]&Xf (B) tfcty* ( ) 
HAr tlBttLT^*. 
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(A-4) 
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L#-fli©*8\ HftSt (A) £tf (B) ttHAr-L* -Ar' -L' -H 

r^o'r' ii s ^n-en7j<2itii?, iiBiffiffifttt*£& 5?§J&SMt7j<&«xi± 

< 1 - 2 0 > <£ L < 1-12. mzft & L < 1 

~8 07;u+;uSt?*<9, 0»J*t^ t^/K i so-7ab°;K ter 

v?a^>^;u, ->?a'\*->;i^#£tf£;ft*. ) „ 7;U^-;Ug (£? t L < 
«Hifc2~2 0, J;0»*L<ttft*»2-l 2, ftfc#4L<ti:«l5»2~ 
8<Z)7;u^--;i/ST-*>f9. .09 *(;^ t'iik 7'Jik 2-7*-f~;b, 3-^>f 
^Hftflitf&tt*. ) , 7;^-;uS L < 1*0**8 2 ~ 2 0, & 
L < li^HiS: 2-12, * L < (ift&ft 2 - 8 ©7M-;Ht^ 0 > m 
Hi* 7'o/\°;Mr*/K 3-^>*-;l/*S*q&tf&n*. ) 7;Mr;Pg-? 

6-3 0, J:«9»*U<tt|KI5»6-2 0, 3 L < *4K*R6 ~ 1 2 <75 

;i/7xi/i/^>^7^n7i-;K 1-*7^;K 2-*7*;H|##tf& 

R&tf R' 0«*BISti, IflRllKtelt* 0 > L < 1-20 
, J; <9#?£ L < 1-12, $ L < (i^H5» 2-10 ®tt£9S£ 
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tr^US?>, b^7V'A =E/U7*y>, ft7iV, •bl/^i'A 7 
7> N fn-;K f^/'-ik f'JvV, f'H'y'V 

, try s v>, h 'j tv-jk h y 7^>, -< > k-;k a >yv-)i, 7'y > 
* y >> 4-f v y >, > y y >, 7't- y v >, t^'J^a 7xt > b a y > 

„ 7xt^.A fh7 , /-;k *?>7-f 5*V-;k ^>7^4-9-7-;u> *o 

>H^W?>n, &£L<ii, 77>, ft7xA t-y^>> tr^vv, try 

ty^vv, h'J7y'A 4/y>> 7^y>, t7^-'JV , A 4y 

y>> 47"vy >T*cfeo^ ii)»4L<tt79 , A ft7*v, eyv>, 
4 y y o > ^i;^l<; &4 y y 

Iff:: fc© i: IfHt-eS) 0 „ ttzlfft. L ^|&S EH*T?* & 0 

HgTS, 9 > i^l^LC timjftJ^bTKSItS (»* L < 6-30, «t 

9#*L<tijft*»6~2 0, ^Cj?IL<(^ll56~l 2©*>©) 

1-20, «fc g#£ L < 1-12, $ b\zmt l < itmm®. 2-10© 

*fc, *?«2l***4©^g*awb^(c*j^*^ ^ ?vtry $>>#ntfcw*-* 
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(#* L < 6-40)7'; L < (IttB&aftftX 

^3 — 60 (^L<(«S3~4 0) O^DT'J-;^**. 

7^;uS, 2— *-7^uS % l-7>h';;uS. 2-7>HJ;uS, 9-7>h 

, 4-7x^>bU^S. 9-7xf>h'J;H > l-^-7^-fe^;i/S> 
7?-fe^;ug N 9-^7^-te^u^ l-?y-te-;ug, 2 - ? y -twuS, 6 
-?y-fe~;i^ 2-fc'b~;i,S > 4-fc'b^;u^ > 2-t*7 

i ^;H';uS > 3-t'7x^M;H N 4-k'7xiMiH, p-^-7i- 
;b— 4 — ;ug, p-^-7x-;l/-3-^;H, p-^-7x^-2-^p 
m-?-7x^-4-^;H, m-y-7x^l/-3 — f m-?- 
7x-^- 2 --f o- h V)im, m- h y p - h v urn, p - t - 
7f;i/7x-;H, p- (2-7x^;U7°nt°;b) 7x^H, 3-/^)1-2 
4 1 -i-7^)um, 4 1 -7 > h U ;uS 
, 4' ^;u'fc'7i^;W;L<g, 4" - t -7'f;i/-p-?-7x^-ii- 
^;uS N 7;M-7 >x-;u^ 7)it\y=-)iM, x fc'a t*7;i^ l 
ffiwS, /N'-7;i/tD7x-;H, /\'— 7;u^d^-7^;uS n M°-7/U;f n7> 
MJ^S> /<-7Mat*7x^M;H > 9-7x-;l/7>h7t>^b^l> 
1M> 9 - ( 1 ' -±7?)U) 7> h7Hr>^t»^'S) 1 9 - (2 ' 

-i-7?)U) 7> h-7-tr> IffiioSs 6 -7x^;b? y -te>frb&3 1 
ffitf>8, 9- [4- (y7x^7U) 7i^] 7>h7t>^b^§li 
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(Dmmwmfbn, 7x-;n, +7?-)um, t'7x-jn, ^-7x^1, 

9 - (1 0-7x^) 7>HJ;US, 9- [1 0- (T 7 ] 7> 
MJ;U* % 9- [10 - (2* ] 7 > h U U\ 

, 7V)m, ^x^;us, vn-u;ua, fjv;us> +y;^s> ^y*yy 

(C) tzis^T, ArHi, 7*3811^ i^^<ll»«IK 
6-60 (»4 L < (ifflRSK 6 - 4 0 ) <D7 'J g&k L < ti&s&<z> 

«^*»3-6 0 (#4L<t*Rjft*R3~4 0) ©^QT'J-iH, 

u < tiM&®ft£ft i~2o mti< &$tm& 1 - 6 ) xt* 

U < ti*«»©^*ft 1 - 2 0 (#*L<fcfc«*ftl~6) ©t;u=j*-> 
Ar ! ' tf)g$! h L < fcfc&Bg|«>7 'J -;bg<7?#lj tLttt fljiBA r 1 ' t mffi<D 

N yntvn, ^V7Df;H s n-7^;bS, s-7>;ug^ ^77*^;bS> 
t-7>;uS N n-^>^;i/S N n-^+iWUg, n-^7>;uS, n-^-y-f- 

„ 2-tKD + yYV7*f;H, l,.2-ykFD + yxf;H, 1, 3-S>t 
KD+y^V7*nt:;H, 2, KD + y-t-7'f;H, 1, 2, 3- 

2-^0^77*^1, 1, 2-y?aaxf;H > l, 
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□ D^yyDt'iH, 2, 3 -v^na- 1 -7'^;uS> 1 , 2, 
n7°at')im^ 7'a^E^^;uS, 1 -7d^x^ 2-7*n ; exf iH, 2 
-7*0^ 77*^US> 1, Z-V-/a=e^)V^ 1, 3-y7'D^^V7'n 
fc-VUg, 2, 3-^7*a^e- t-7*^^S> 1,2, 3 - b v 7*d^7'd f;uS 
, 3-K^;ug, 1 2-3-h'^^;uS. 2-3-hM7 

7*f7l/g> 1, 2-^3-h'xf;H, l, 3-^3-K^V7"af;H s 2, 
3-^3-K- t-7>/bS, 1, 2, 3-h'J3-K7'Dtm 7^y>f 

i-7$yif;H, 2-7^;xf;H, 2 -75 j 4 v7^;bS, 1 

, 2-^7^/if;H, 1, 3-^7;;-fV7'at>i > 2, 3-^7^7 
-t-y^^S, 1, 2, 3 - h 'J75 ;7d ->7;>f;bS, 1 -v 

7;xf;l/i, 2->>7/xf;H, 2 —>7 7 -f 7 7*f;H, 1, 2 -vi/7 
/^f;H, 1, 3 - ^v7^V7'd tVUS N 2, 3-yi/7 7-t-7f^ 

1, 2, 3- h v7y7 s Dtr;uS, ^-hapt^;^ 
, 2-^hDxf;H, 2-~ba^77^;bg N 1, 2 h axf;H, 
1, 3-^-^a>f7 7 0 Dt';^ 2, 3 - v- b d - t -7*^;ug. 1,2, 
3 - b ij s. b d7d v ? P7*a b>S> v ? D7>;US, v ? a^vf- 

2-7^v>^;bS. 1 - / ;i^/u~;u» N 2 - J 

A r 2 ' & L < ti«^7;UP * 0 Y T*3t £ n&gT& 0 , Y 

^JtLTfi, *f7i/g, xf;H, 7nt>|, 77'd n-7*^ 
S> s-7*^;uS> -Y 7 7*^^8, t-7^;u^ n-^>f;H, n-'v+v 

x^;Ug. 2~tKD + yxf;H, 2-tKa^rv^V7*f;i/i, 1, 2 -S? 
bKo + yxfjH, 1, 3 -$>t Hd^v^v7d tVUS> 2, 3-^tb'a 
t -7*?7l/g N 1,2, 3 - b U t Kp + i/7°a tVl^ ^aa^f/H 
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„ 1-?ddx^1/I, 2-?nn^v7f;H, 1, 2 

-v^aaai^;uS, 1, 3 - v ? □ a-T 77" o tVUS, 2, 3-v?aa-t 
-7*^;i^ l, 2, 3-h'J?DD7'Dh , ;H, 7*0^^;^ 1 -7*a=e 
J^U** 2-7'd^x^;uS, 2-7'n=e^vrf^S, 1, 2-^7*d^x 
1, 3 -^yo^e^V/Ptm 2, 3-y7'n^-t-7'f/H, 
1, 2, 3-F l J7'n€7'Dt' ;ug % 3- h*y 1-3-Fi^U^ 
2-3-Kx^;ug, 2 V7>;U», 1, 2 - i?3- K^^uS, 1 
, 3 -v3-bW V7'Dtr;i/S> 2, 3-V3-K- t-7*^;bS> 1, 2. 3 

2-7$7'fy7'f;H, 1, 2-^7^if;Hs 1, Z-P71 
y-Y Vrnt/H, 2, 3-y7 5;-t-7*fjH, 1, 2, 3 - h U 7 5 y 
^□b'jH, v7yy^;b», l-v7/xf^i N 2-y7yxf;H, 2- 
i/7y^77*^;US, 1, 2-'7i/7yx^;US, 1, 3 -Vi/7J4 77'a ti- 
n's. 2, 3-^y7y-t-7f;H, 1,2, 3 - h U ->7; 7° a fcT;ug N 
^bay^;Ug, l-ihDXf;H, 2-^haxfjH, 2--hn^77 

1, 2-y-haxf;H, 1, 3-v^hD^77°Pt°;i/S > 2, 3 
-y^hD-t -7*^-^8. 1, 2, 3-Hj-bD7'ot°^8I^WbtU 
, y t -7f»U^ U\ . 

fc/:U (C) Kfc^T, Ar ''MAr 2 ' (^-fn^-T^i, S$!*> 

t < (iMM^o^s^ io~6o nmsmm, xttwm l < immwwmt 

&0>8i**& 6-60 L < temtm& 6 - 4 0 ) (D7 U - U g&fc 

L < M«&MKig$t 3-60 L < l±mtm& 3 - 4 0 ) ©'Vr a 7 "J 
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£bK N (C) fcfc^T, ffiIBAr"#, TIB-lSit (a) ~ (j) 1? 
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(a) (b) (c) 




0) 0) 



sit u < \mm&o)MnWL 1 ~ 2 o <7>7;Mp;b«, a$»t> l < imm&nfcmw. 
i~2 o©7^3+i/g. asit>L<ttMaiSi©^*»6~4 oo7D-;m- 
+vi, fj^H<(iiiWWi 2-8 ow^7';-^7^ /g> 
& l < liiSfflUKis 6 - 4 0 ©7 >; mm t u < te&s*i>o^fg 
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ft 3 ~ 4 o ^td7 v -Jim, x&g$>& l < immpiv&mmwL 1 8 — 1 1 



-j&xt ( C ) © R " tt, 7K^H?. L < lijkiilOgtjlSR 6-60© 

r y -)im, m&t>L< 3 ~ 6 0 ©^d?'j -;uSs gga 

t> L < ti&ll&oftXft 1-20 ©7/b*;uS. XlilM L < te&g&o^fH 
R" ©tilt U< tii!8!0'sfP7 V-)l&<DM£ LTti, fyfBAr 
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(C-9) 



Ar 1 L 1 



XX 



a 



(c-io) Ok 
(on) Ok 

(C-12) 

(C-13) 

(C-14) 

(C-15) 
(C-16) 

(C-17) Ok 

(C-18) Ok 
(C-19) 



a 



(C-20) £X 



XX 



XX 



XX 
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7K^Ss 7 5;l, 7;u=i + <>a^ 7y-;M-*:>S. 7->;uS* 7;i/3*S'* 

7;U3+*>*;ujK-;u7^ ;S, 7y-;M-**>#;M<-;i'7 5 x;u^- 
;u7 5/Ss x^r^-ouS-, fcju/^-OuS, 7;u*;uf-*S> 

£L< &7 ;Mp;uS> 7y-;ug> 7^3*->g, 7y-;M-*vg> ^ay> 
&7;u*;bg, 7'J-;H, 7;un*^S, ffllillt^^, 

Tctt K-/n-> h 2 . 9 e VJ^Tt?** U\ £©*F&A 

&R{b#&u 7;b*u±«jfeJSs 7;u*y±m^m#, 7;u* y±g&J5fls£ 
«R*ffi^*fc#*U\i lffllB7;u*y&JIKb£*, 7;u* y dSteKf b£4tk 

&tf#±3i&JS{b£^i: utt, -tn-en^iftfb^^ay Wb^^if ?>n-& 

5 l 



WO 2004/034751 



PCT/JP2003/012598 



B5E7;u*y&JIfcLT(4, Na (ttHMifc : 2. 3 6 e V) > K (tt*M$ 
: 2. 2 8 e VK Rb (tt*W$[ : 2. 1 6 e VK Cs CftTOS : 1 . 9 
5 eV) ^#WS>*U tt*Mft#2. 9 e VOT® U\ ^ti 

L<liK, Rb. Cs, $ &tc»4 L< ttRbXtiC sT-fcOs # 

!WIBT;U*'J±««iLTtt, Ca (ft*RI» : 2. 9eVK Sr (ft* 
M» : 2 . 0 ~ 2 . 5 e V) > B a (ft*M» : 2 . 5 2 e V) miWtfbti, 
ft*(Wft#2. 9 e VJaT®fc®#ftfc#*U\ 

HUMS. #±8&«fcL-a±. Sc. Y> Ce> Tb.. Yb«S#*tf&tU ft* 

IKbtk LiF, NaF. CsF, K F^7;W U ad^ Wt^#^tf bft 
> L i L i 2 On NaF<D7)\sl>VMlt^>lt,±7)lsJjV-7v{mWJ£L^ 

o 

fff!B7;l/* '^^S^tltLT^ BaO, SrO, C a OMi tl h ft 
l^LfcBa, S r 0 ( 0 < x< 1 ) ^ Ba, Ca.-, 0 ( 0 < x< 1 ) 
IWen, BaO. SrO> CaO^U\ 

mifH#±5i^<b^tli: LTti, YbF 3 > S c F 8 . S c 0 3 > Y 2 0 3 > 
Ce, 0 3 % G d F 3 . Tb F 3 mmtfb^ YbF, . ScF 3 > TbF, 
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y 'J y -;i/ N ^ yy* -;K 7xt>h'Jy; 

D + i/-7T l J-;^+ty7 , /-/K t Kn + vv7 'J -A/^7 v7V-As t 
KD4y7x^l/f'J>;>, tFa^i/7z-M>^;r/-iK t Ka + 
y^> x /h'J7 N /-JK tFD + y7M7>> t*£'J>^K 7xt>^a'J> 
, 7^dv7->, iK^7^U>, *>?a*>*$;x> % /8-^h>^ 7 V 

: ?l7utt K-^> h = 1 0 0 : 1 - 1 : 1 0 0 , ftt L < tt 5 : 1-1 : 

9?£*U L < ttJi<7>JP*0. 1-15 nm«t4. 

D&tf U L < l*A<&J3E*0. 0 5-1 nml?Mt*. 

hoffl^t *;uJ£-e±j&# : jf^tt K-A> h = 5 : 1 - 1 : 5 T*£ 

t»*L<, 2:1-1: 2 £ $ £t3$? 4 U\ 
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tit* ft&E^ftT^fcTfETPD^NPD 




CH 3 



TPD NPD 

tt* HUx^K-^nfZ. 4 6eV, 2. 5 1 e VT'ifc 0 , CtlKftL 
> ^B^T-ffl^^^S^^^ttO^TtTOCi, W*tffflfcLfc (K- 1 0) 
0=S?Sx* 2. 5 5 eVT?*-50?, B^OfibiBttllS&fctSLTl, 
tftfefc, jE7HH2S*tttO=»«x^jU^-^2. 5 5 e V«fc9*#^*> 

**W-effl^*5l9(x^;M?-#2. 5 5 e V J; 0^*^JETU»3ai*#*4©* 
ft0>J£ LTli, OTfwTst-^xt (10), (12), ( 1 4 ) ~ ( 1 7 ) Rtf 
(19) ©*>©#$?*L<, **i&t*tt^5f»»«**L35i:^ct^»*Hr\ 




(1 o) 



[sw> n(io~3«t'*^ r 1 ~r 3 t±, *ft-ena&*> L < Mil 

1~30 07;U*;bg. gg§& L < 1 ~ 3 0 <D7;U3 

+ v/»> S$!*> L < (i*Hi&®ttft£ft 6 ~ 3 0 ©7 'J -;U«, aSlt L < 
■*otS[ft*ft 6 - 3 007 y-;U7;M t ;Hi-cfc«&. Bte s v^o^^uv 
> 7 ^> >f i*©S«^llTfe L < teTfS-J&it (1 1) -c 
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